In 2010 an article in the Canadian Journal of Anesthesia 1 presented case reports of two patients who appeared to regain spontaneous respiration after they had been determined to be brain dead. The criteria used were those described in the recommendations from the Canadian Council for Donation and Transplantation 2 . The article was accompanied by an editorial 3 that acknowledged the challenges faced by the physicians who determined that brain death had occurred, but concludes that in both cases several of the criteria were either misinterpreted or overlooked. However, it is clearly pertinent to ask if these reports have any implications for the clinical determination of brain death in Australia and New Zealand as described in the Australian and New Zealand Intensive Care Society (ANZICS) Statement on Death and Organ Donation 4 .
The first patient was a 26-year-old man with chronic otitis media who presented to a regional emergency department with a Glasgow Coma Scale score of 3, fixed pupils of 7 mm and a temperature of 40.3°C. A computed tomography scan of the head showed a right temporal lobe abscess with surrounding oedema. When assessed after transfer to a major neurosurgical centre seven hours after the onset of coma, the temperature was 36.5°C, Glasgow Coma Scale was 3, pupils remained fixed at 7 mm and other brainstem reflexes were absent with no spontaneous respiratory efforts. The patient remained apnoeic during 10 minutes of apnoeic oxygenation, with an arterial sample taken at six minutes showing pH 7.18, P a O 2 393 mmHg and P a CO 2 69 mmHg. The clinicians conducting the examination concluded that the patient was brain dead. Subsequent treatment in the intensive care unit included broad spectrum antibiotics and interventions to maintain physiologically normal values for body temperature, arterial pressure and electrolytes. A magnetic resonance image of the brain was also performed to define the extent of the infection as a potential prelude to organ donation. The axial T1-weighted post-gadolinium image demonstrated enhancement of the middle cerebral artery consistent with slow intracranial arterial flow. Some hours later there was a return of spontaneous respiration but no other neurological change. Five days later, spontaneous respiration ceased and the heart stopped beating.
The second patient was a 50-year-old woman found after a fall down one flight of stairs with a Glasgow Coma Scale score of 3 and fixed 6 mm pupils. Her electrocardiogram showed pulseless electrical activity from which she was resuscitated after five minutes of advanced life support. After admission to a tertiary hospital a computed tomography scan of the head showed a skull base fracture, subdural haematoma, traumatic subarachnoid haemorrhage and generalised cerebral oedema. Six hours after the onset of coma two intensivists independently assessed the patient according to the Canadian criteria for brain death, including observation during an eight minute period of apnoeic oxygenation during which no spontaneous respiratory efforts were seen. A cerebral radionuclide study was then performed which demonstrated intracranial blood flow to the right cerebral hemisphere. Eleven hours after the onset of coma, spontaneous respiration returned but no other brainstem reflexes. Active treatment was withdrawn and cardiac arrest followed.
The authors acknowledge unrecognised confounding factors in both patients. The initial computed tomography scan in the first patient showed some peri-lesion contrast enhancement around the abscess, consistent with slow arterial blood flow. Also, while the brain abscess may have been sufficient to cause brain death, the text in the Canadian Council for Donation and Transplantation recommendations states, "There must be definite clinical or neuro-imaging evidence of an acute central nervous system event consistent with the irreversible loss of neurological function". The ANZICS Statement 4 goes further, stating "…there must be definite clinical or neuro-imaging evidence of acute brain pathology consistent with the irreversible loss of neurological function", and "Brain death cannot be determined without evidence of sufficient intra-cranial pathology".
Brain death was determined in the second patient just six hours after resuscitation from a cardiac arrest. The ANZICS Statement 4 requires a minimum of 24 hours between a cardiac arrest and determination of brain death from hypoxicischaemic encephalopathy. This patient would not have met the criteria in the ANZICS Statement which recognises that a longer period is needed to confirm irreversibility when this is the aetiology of the damage to the brain. Both the Australian and New Zealand and the Canadian recommendations used to recommend an arbitrary period between the two Clinical determination of brain death clinical examinations needed to determine that brain death has occurred. Both no longer recommend a minimum period because it has not been found to be useful, in that over many years no patient has failed to meet all criteria on repeat testing. However, in the past others have suggested that a defined period between tests is needed to establish irreversibility 5,6 .
Some have called for investigations of intracranial blood flow to be routine in the determination of brain death 7 . The ANZICS Statement 4 notes that all current guidelines recommend an increasingly cautious approach to the determination of brain death, which may include cerebral blood flow studies, with decreasing age in children. It also refers to reports of some remaining intracranial blood flow in infants and children who have met the clinical determinants of brain death. Of interest, the first patient reported by Roberts et al 1 had persisting spontaneous respiration despite blood flow being absent on the magnetic resonance image -perhaps more properly, blood flow was below the lower limit of detection. Despite their superficial attraction such tests of intracranial blood flow are not infallible and are critically dependent on technical factors.
The bottom line is that neither of these patients would have fulfilled all the criteria for brain death in the ANZICS Statement 4 . Nevertheless, application of the criteria requires a meticulous approach underpinned by education, training and experience. Education on the determination of brain death is a key component of the ADAPT course -the only mandatory course for trainees of the College of Intensive Care Medicine. Clinical training and experience in determination of brain death are vital components for intensive care trainees.
The ANZICS Statement 4 is an evolving document that will change with changes in clinical practice and is responsive to new evidence. Determination of brain death is principally a clinical process. Investigations of intracranial blood flow can complement clinical determination when any of the essential criteria for clinical determination are absent. However, when they are all present, meeting all the clinical criteria is both necessary and sufficient for determination of brain death.
